The lime putty is a non-Newtonian fluid that can be either thixotropic or rheopectic depending on burning process of the lime, the presence of the quartz sand and other parameters. One of the most important lime putty characteristics is its plasticity which affects its workability and use. It is possible to increase the lime putty plasticity by mechanical activation. This work focuses on the effect of the mechanical activation of the lime putty on its rheological behavior and on properties of lime hydrosilicate autoclaved materials. Fresh lime putty was activated in a high-speed mixer at 1000 RPM for 1, 3, 5 and 10 minutes. Nonactivated lime putties show rheopectic behavior. Rheopectic behavior becomes slightly more distinct after 1 min. of activation and then less distinct with increasing time of activation. After 10 min. of activation, the system shows no time-dependent properties, nor even slight thixotropic behavior. This trend can be related to process where smaller and smaller aggregates are fragmented in the suspension. The hydrosilicate materials were prepared in two series from quicklime and finely ground sand with the ratio C/S 0.85, under hydrothermal conditions. The amount of xonotlite in hydrosilicate material increases with activation time as the increased amount of portlandite particles retards the reaction. 11.3 Å tobermorite crystallizes more slowly and formation of xonotlite is accelerated.
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Introduction
The lime-based hydrosilicate materials are formed as a result of reaction between sand, lime and water under hydrothermal conditions. The properties of hydrosilicate products are based on the formation of C-S-H phases during this reaction at temperatures below 180-200 °C and water vapor pressure lower than 16 bars. The main C-S-H phases are 11.3 Å tobermorite and xonotlite.
11.3 Å tobermorite (Ca5Si6O16(OH)2·4(H2O)) is the main binder component and contains a significant amount of water. It is stable in a range of Ca/Si ratio from 0.8 to 1. At temperatures above 300 °C, it decomposes to 9 Å tobermorite (Ca5Si6O16(OH)2·2(H2O). Xonotlite (Ca6Si6O17(OH)2) is structurally very similar to 11.3 Å tobermorite but contains 5 times less water than tobermorite. It forms at higher temperatures than tobermorite under hydrothermal conditions between ~ 220 °C -380 °C. The phase composition is the essential factor influencing strength, porosity and sorption ability of a material [1, 2] .
The rheological behavior of lime putty is an important parameter that influences the quality of resulting limebased hydrosilicate materials. The lime putty is a non-Newtonian fluid that can be either thixotropic or rheopectic. It depends on burning process of the lime, presence of the sand and other parameters. Plasticity of the lime putty is essential in terms of material workability and performance. The spontaneous shape changes, bleeding, or segregation of larger particles in lime putty during measurement must be eliminated. The complete rheological study of lime putty was carried out by Ruiz Agudo et al. [3] .
Various studies were carried out in order to reveal the role of different parameters on the properties of lime putties [4] [5] [6] [7] . Studies considered the change of properties of lime putties during aging. It is possible to increase the lime putty plasticity by mechanical activation. Lime putty is a dispersion system in which the process of dissolution and re-crystallization of portlandite takes place. A decrease in particle size leads to plasticity increase. Small particles have greater surface and fewer of them is needed in mortar to coat grains of sand [8] . Vávrová and Kotlík [9] , [10] studied the effect of mechanical activation of the lime putty. The intense mechanical stimulation of particles leads to particles size decrease and to increased reacting surface. The accessibility of water to the particle surface is improved which makes it easier to hydrate them. Ne as et al. [11] observed possibilities of the lime slurry plasticity affection. They confirmed viscosity increase related to mechanical activation. This work deals with the effect of the lime putty mechanical activation on its rheological behavior and on composition and properties of lime hydrosilicate autoclaved materials.
Materials and methods
The quicklime produced in the rotary kiln was used for the preparation of slaked lime putties: The lime purity was higher than 97 %. Slaked lime putties were prepared in the laboratory by mixing lime and deionized water under vigorous stirring. The C/H ratio was 1:8. The fresh lime putty was activated in a high-speed mixer at speed 1000 RPM for 1, 3, 5 and 10 minutes.
The activated lime putty was mixed with finely ground sand at the ratio C/S 0.85 under vigorous stirring. The sand contained 99 % of SiO2. This slurry was hydrothermally treated. Two series were prepared: a) temperature 195 °C and overpressure 13 bars for 24 hours b) temperature 205 °C and overpressure 16 bars for 24 h. The final product was dried at the temperature 370 °C.
The composition of the lime, sand, and hydrosilicate materials was determined by X-ray diffraction. The X-ray diffraction analysis was conducted using the Bruker D8 Advance apparatus with Cu anode ( K = 1.54184 Å) and variable divergence slits at -Bragg-Brentano reflective geometry. Quantitative phase analysis was carried out by Rietveld method. The amorphous phase content was identified using internal standard addition (20 wt. % of fluorite -CaF2).
Particle size distribution of lime putties was determined by a laser diffraction method using CILAS 920L laser analyzer. Fresh slaked lime putty was decanted several times in isopropyl alcohol before the start of the measurement. The size range of particle size analyzer is 0.3 -400 m, dispersing medium: isopropyl alcohol. Before the measurement, every sample was treated with ultrasound (60 s).
Rheological parameters of lime putty were tested on rotational rheometer DHR-1 (TA Instruments). Flow curves were obtained from flow-sweep tests using geometry of coaxial cylinders: shear rate 1-150 and 150-1 s -1 , 10 points per decade, equilibration time 10 s, averaging time 5 s. Samples of lime putty were pre-sheared before the measurement with angular velocity of 10 rad·s -1 for 10 s. All tests were carried at 25 °C provided by Peltier system. Yield stress and plastic viscosity were calculated using Bingham model. The area of hysteresis curve in tested range was calculated for quantification of time-dependent rheological properties (thixotropy or rheopexy). Calculation was made in Trios software.
Determination of total and differential porosity of prepared material was performed on the apparatus Carlo Erba Strumentazione model 200; measuring range: 3.75 -10000 nm. Various levels of pressure were applied onto a sample immersed in mercury.
Pycnometry was used for determination of mass density of prepared samples. The pycnometer was filled with mercury.
Results and discussion
Particle size characterization of lime putty
Lime putty is a dispersion system in which the process of dissolution and recrystallization of calcium hydroxide takes place. Calcium hydroxide crystallizes in the form of hexagonal plates.
Mixing of lime putty for 1 and 5 minutes resulted in an increase in amount of nano-sized particles. 10-minute mechanical activation lead to particle size reduction (Fig. 1) . The mean particle diameter decreased from 6 μm to 4 μm. Larger portlandite aggregates were fragmented releasing finer particles. Ruiz-Agudo [3] explained that structure of fresh quicklime putty is formed by a combination of a few submicrometer and micrometer-sized portlandite prisms and portlandite nanoparticles. Aggregated nanoparticles formed polydisperse round-shaped porous clusters. 
Rheological characterization of lime putty
Lime putty as a colloidal suspension show non-linear rheological properties that depend on inter-particle forces, the Brownian motion of the particles, hydrodynamic interactions, on the shape, size, volume fraction of particles, on the fraction of fluid immobilized by the particles and on the degree of aggregation [12, 13, 14] .
Non-activated lime putties show rheopectic behaviour. The dependence of time-dependent rheological properties and limestone calcination conditions were reported previously [3] . Rheopexy of lime putties prepared from soft burned lime is caused by fragmentation of loose clusters of Ca(OH)2 particles. Fragmentation is related to fluid drag forces (hydrodynamic effect) that strip primary particles or small floccules from the surface of the original aggregates [15] . Rheopectic behaviour becomes slightly more distinct after 1 min. of activation and then less distinct with increasing time of activation (mixing). After 10 min. of activation, the system shows no time-dependent properties nor even slight thixotropic behaviour. This trend can be related to the process where smaller and smaller aggregates are fragmented in the suspension. Up to a certain point, it causes an increase in rheopectic behaviour by thickening the suspension with the smaller clusters and primary particles. As the proportion of primary particles in suspension increases with the activation time an average aspect ratio of particles, rp=d/l (d is the particle length along 100 or equivalent 110 and l is its thickness measured along [001]), length increases. From that point of mixing when particles with high rp are prevailing, a structure similar to "card house" [3] is formed. These plate-like particles are held together with electrostatic forces until these are overcome by hydrodynamic forces at high shear rates and thus the original structure is destroyed. Particles start to be aligned with the flow as the result of applied shear stress. The continuous mixing causes gradual change from rheopectic to thixotropic behavior of lime putty.
The main goal of the activation is to increase the plasticity, which is the most desirable property of lime putty. Lime putties show linear behavior from yield stress up to 20 s -1 then in the range of 20-50 s -1 they exhibit strong shear thinning behavior and finally, at higher rates above 50 s -1 a transition from non-Newtonian to Newtonian behaviour occurs. Since the fitting of standard models on flow curve gave low value of the correlation coefficient, the plastic viscosity and yield stress were calculated only from the range of shear rate 1-20 s -1 using Bingham model. Another reason for selecting this range was the application of lime putty which is more relevant for rates below 20 s -1 . Plasticity of lime putty increases with activation time while the yield stress decreases (Fig. 3) .
Plasticity is again related to fragmentation of agglomerates. The decrease of yield stress with mixing time can be related to an interaction of primary Ca(OH)2 particles with water. The particles with plate-like habitus and higher rp are expected to have lower threshold shear stress value needed for overcoming of electrostatic forces among particles. As the proportion of plate-like particles increases with mixing time, the lower applied stress is needed for the system to start to flow. 
Characterization of hydrosilicate material
The hydrosilicate material was prepared in two series. Series A: at 195 °C and overpressure of 13 bars for 24 hours and B: at 205 °C and overpressure of 16 bars for 24h. The final product was dried at the temperature of 370 °C.
The quantitative phase composition of the samples is listed in Table 1 and 2. 11.3 Å tobermorite, 9 Å tobermorite, xonotlite and amorphous phase were formed in all samples. 9 Å tobermorite was the main reaction product in the standard sample without the lime putty mechanical activation. Besides, a small amount of xonotlite, unreacted quartz and portlandite was detected.
It was demonstrated in both series that the xonotlite amount increases with activation time. The insignificant quantity of unreacted portlandite was identified in samples A1, A3, B1 and B2. Original quartz was detected in samples A1 in larger quantities. Insignificant or zero quantity of quartz was identified in other samples with longer activation time. This is due to the fact that the amount of reacted portlandite particles increases during mechanical activation. It changes the Ca/Si ratio and the phase equilibrium, and tobermorite transforms partialy to xonotlite.
Bernstein [16] demonstrated, that the formation of 11.3 Å tobermorite is a non-isokinetic process which consists of two steps. The first step is controlled by a solution of quartz and its reaction with portlandite. A layer of CSH phases is formed on quartz grains. The second step of the reaction is controlled by SiO2 diffusion through CSH layer. 11.3 Å tobermorite is formed in reaction of quartz and CSH phases after portlandite consumption. The increased amount of portlandite particles retards the reaction and portlandite is expressed later. 11.3 Å tobermorite crystallizes more slowly and formation of xonotlite is accelerated. This is consistent with the increase of Ca/Si ratio. The same fact has been proved by El-Hemaly et al. [17] . There was studied the effect of bulk C/S ratio on tobermorite and xonotlite formation.
The resulting material was characterized by mercury porosimetry. Density was determined using the pycnometer. Total porosity and mass density of both series samples are shown in Table 3 and 4. It was demonstrated that total porosity increases and mass density decreases with elapsed time of the lime putty mechanical activation. The mechanical activation causes growth of the pores between 250-375 nm. It is shown in Fig. 4 . This fact can be related to changes in particle distribution, C/S ratio, reaction rate or crystal growth rate. 
Conclusions
Results from this study indicate that intense mixing of lime putty causes the increase in the amount of particles in a submicrometer region. The bigger portlandite aggregates are disaggregated releasing finer particles. The rheological characterization demonstrates that non-activated lime putties show rheopectic behavior. Rheopectic behavior changes with increasing time of activation. The system shows no time-dependent properties nor even slight thixotropic behavior after 10 min. of activation. Plasticity of lime putty increases with activation time while the yield stress decreases. These facts can be related to aggregates fragmentation in the lime suspension.
It was demonstrated that the xonotlite amount increases with activation time. This is due to the fact that the amount of reacted portlandite particles is increasing. The phase equilibrium is changed, the C/S ratio increases, and formation of xonotlite is accelerated. It was shown that total porosity increases and mass density decrease with elapsed time of the lime putty mechanical activation.
